D e Quervain disease, or stenosing tenosynovitis of the first dorsal compartment of the wrist, is a common wrist pathology. It is a stenosing condition of the sheath of the abductor pollicis longus (APL) and extensor pollicis brevis (EPB) tendons at the radial styloid process. 1, 2 There appears to be an increased prevalence in women during the later stages of pregnancy and in the early postpartum period, the latter possibly being associated with infant handling. [2] [3] [4] [5] Diagnosis may be made on physical examination (Finkelstein test), and radiographs are helpful in ruling out offending bony pathology. Nonsurgical management, consisting of nonsteroidal anti-inflammatory drugs, or corticosteroid injections are usually conservative treatments. 3, 6, 7 Previous studies consistently reported that the pathological change of de Quervain disease is thought to be primarily an extensor retinaculum thickened by fibrosis and fibrocartilaginous metaplasia instead of inflammation. 3, 4, 8, 9 The histological appearance confirmed the thickening of the fibrous tendon sheath. The central part of the fibrous sheath showed some proliferation of the small blood vessels and sparse macrophages; whereas the inner part, adjacent to the synovium, demonstrated myxoid degeneration. 4, 9 Most studies indicated that there was no significant acute or chronic inflammation in de Quervain disease. 4, [8] [9] [10] There has been an agreement for over a century that, whatever the etiology of de Quervain tenosynovitis might be, it is not an inflammatory process despite the use of the "-it is" suffix which usually denotes inflammation. Contradictorily, the conservative treatment for de Quervain disease is anti-inflammatory medication. 3, 6 It has recently been argued that the definition of inflammation should be reappraised because inflammatory mediators can be produced by a variety of cell types, and not just by infiltrating leukocytes. 11 With the advancement of molecular biology research, recent studies showed those diseases, which are as similar as tendinopathy of the upper limb, present inflammation in early 12 or intermediate stages 13, 14 and imply the possibility of neurogenic inflammation as the cause of the perceived pain. 15, 16 Although the presence of an inflammatory component has not been identified by all investigators, increased inflammatory molecules, for example, PGE2, have been found in tenosynovium of patients diagnosed with carpal tunnel syndrome. 13, 14 Other mediators, such as inducible cyclooxygenase (COX-2) and interlukin-1β increase expression in patellar tendinosis, suggesting some involvement of inflammatory response in chronic tendinopathy. 17, 18 The neurochemical substance P is associated with chronic pain mediation 19 and has also been identified in tendons of patients with chronic tendinopathies. 15, 16 The inflammatory and neurochemical tendon changes are related to the decline in grip strength. The inflammatory response may be also involved in de Quervain disease. However, there is no present study directly evidencing whether the inflammatory responses play a prominent role in the disease process. Tissue studies conducted via immunohistochemical and histopathologial analysis of de Quervain disease are yet to be elucidated clearly.
MATERIALS AND METHODS

Patients and Tissue Collection
We collected and analyzed 13 patients who were diagnosed with de Quervain disease and received surgery in the Department of Surgery and Orthopaedics at the National Cheng Kung University Hospital. Three normal samples were obtained from fresh cadavers as the control group (2 women and 1 man). The average age of the cadavers was 61 years (range, 48-74 years). Patients suffering from systemic inflammatory disorders and patients that had previous trauma or operation on dorsal compartments of wrist were excluded from the study because these factors may influence the occurrence of inflammation.
Ethical approval was provided by the Human Experiment and Ethics Committee of the National Cheng Kung University Hospital (ER-99-397).
Diagnosis and Surgical Indications
The diagnosis of de Quervain disease was made on the basis of the history and findings of clinical examination of pain with swelling or nodule formation over the thumb side of wrist. Tenderness on the side of the wrist at the base of the thumb, pain along the extensor and abductor pollicis tendon, pain with passive stretch, and locking were all considered indicative of active tenosynovitis.
At the time of the initial presentation, the treating physician collected detailed demographic data (age, sex, hand dominance, body mass index, digits involved at the time of presentation, and involvement of other hand disorder) and addressed the duration and severity of symptoms, including the history of treatment with special emphasis of local injection. Indication for operative release was disease duration longer than 3 months, unsuccessful treatment with conservative treatments including physical therapy, splinting, nonsteroidal anti-inflammatory drugs, or steroid injections.
Surgical Technique and Tissue Collection
All procedures were performed under local infiltration anesthesia (3-4 mL of 2% lidocaine HCL) as an outpatient procedure. A 1.5-to 2.5-cm transverse skin incision was made over the first dorsal compartment about 1 cm proximal to the tip of the radial styloid process. Sensory branches of the radial nerve and vascular structures were identified and protected. The exposed extensor retinaculum over the first dorsal compartment was sharply incised along the dorsal margin, and APL and EPB tendons were identified. Extra septations were excised if they were found. A longitudinal biopsy of the dorsal portion of the extensor retinaculum, the fibrous sheath, and adjacent synovium superficial to the tendons was taken in all 16 wrists at the time of surgical decompression. The skin was closed with 3.0 or 4.0 absorbable sutures, and a dressing was applied.
All specimens were fixed in formalin, embedded in optimal cutting temperature, and cut into 10-μm-thick cryosection for hematoxylin-eosin staining and immunohistochemical staining.
Immunohistochemistry Staining
Serial frozen sections of human de Quervain disease tissue were first permeabilized with 0.01 M phosphate buffered saline (PBS) and quench endogenous peroxidase by 0.03% hydrogen peroxide in 0.01 M PBS for 10 minutes, then blocked by incubation in 5% normal goat serum, 0.1% bovine serum albumin,and 0.2% Triton-X 100 in 0.01 M PBS for 1 hour at room temperature before applying primary antibody. To examine the inflammatory responses, the inflammatory cells and factors were detected using their specific antibodies including antineutrophil elastase (abcam, ab21595, Cambridge, UK), anti-COX-2 (abcam, ab15191, Cambridge, UK), anti-MAC387 (abcam, ab22506, Cambridge, UK), and the condition of incubation was at 4°C overnight. Secondary antibodies were biotinylated antimouse or antirabbit following the host of primary antibody, all incubated at room temperature for 1 hour. Immunoreaction was visualized by using mouse/rabbit polydetector HRP with DAB kit (Bio SB, BSB0205). Sections were counterstained with hematoxylin.
Section Evaluation
Collagen Structure Grading
Slides of different staining were scanned and taken digital images. According to the extracellular matrix (ECM) structure, all samples were graded into I, II, and III areas using the criteria. 20, 21 Grade I revealed slightly degraded collagen structure with slight waviness and minimal splitting between contiguous fiber bundles. Grade II showed moderately degraded collagen structure with some separation between bundles, increased waviness, loss of parallel arrangement, and moderate fiber fragmentation. Grade III represented severely degraded collagen structure with total loss of fiber orientation and severely fragmented fibers. The process of grading was done separately by 2 individuals, and the 2 results were compared. If an inconsistency existed, the field was reassessed and a final grade was agreed upon.
Cell Counting
Each section was taken 5 fields of Â40 magnification and randomly selected from each grade. With the use of the ImageJ image (National Institutes of Health) processing program, the percentage of positive cells and total cell population in each chosen field was counted. The percentage of positive rate was calculated as: (positive cell number/ total cell number) Â 100%. Grade I represented slightly degraded collagen structure with slight waviness and minimal splitting between contiguous fiber bundles. Grade II represented moderately degraded collagen structure with some separation between bundles, increased waviness, loss of parallel arrangement, and moderate fiber fragmentation.
Grade III represented severely degraded collagen structure with total loss of fiber orientation and severely fragmented fibers. F, female; L, left; R, right; M, male.
Statistical Analysis
All values are expressed as mean ± standard deviation. Statistical analysis among the different graded areas was performed using oneway analysis of variance and Bonferroni multiple comparison tests with GraphPad Prism software. The confidence limit was predetermined at a probability level of P 0.05 or less.
RESULTS
The study recruited 13 patients (2 men, 11 women). The average age is 55 years (range, 42-68 years). The distribution of the involved side was 7 left and 6 right, respectively ( Table 1 ). All patients had complete relief of symptoms postoperatively with no triggering, recurrence, or volar subluxation of the APL and EPB tendons. There were 2 postoperative complications, including 1 superficial wound infection due to the retained stitch, and cured after removal of it; and 1 patient complained of transient paresthesia in the distribution of the superficial radial nerve and was resolved 1 month after.
On hematoxylin-eosin staining, the histological appearance of de Quervain disease specimen revealed a high thickening of the fibrous tendon sheath (Fig. 1A) . Immunohistochemistry staining showed increased expression of neutrophil elastase, macrophage, and COX-2- positive cells in the specimen with de Quervain disease compared to the control specimen (Fig. 1B) . The specimens were classified into 3 categories according to the ECM status. In grade I de Quervain disease, there is a slightly degraded collagen structure with slight waviness and minimal splitting between contiguous fiber bundles ( Fig. 2A ). Grade II de Quervain disease showed moderately degraded collagen structure with some separation between bundles, increased cell population, and angiogenesis (Fig. 2B ). Grade III de Quervain disease represented severely degraded collagen structure with disorganized collagen structure and decreased cell population (Fig. 2C) . The neutrophil elastase staining showed a dramatically increased level in grade II (Fig. 3B) and III (Fig. 3C ) (5.9% ± 4.2% vs 69.9% ± 12.8%, P < 0.001; 5.9% ± 4.2% vs 73.4% ± 21.5%, P < 0.001, respectively) ( Fig. 3D ). In the immunohistochemistry staining of COX-2, we found that the increase of COX-2 expression in de Quervain disease is dependent on the severity of the disease. Specifically, 93.9% ± 5.7% and 86.6% ± 7.9% of COX-positive cell rate by grade II (P < 0.001) ( Fig. 4B ) and grade III (P < 0.001) (Fig. 4C) , respectively, compared to the grade I (Fig. 4A) . The results of the staining justified the role of inflammation in the pathogenesis of de Quervain disease.
Interestingly, in response of inflammatory and angiogenic change during the progress of disease, MAC387 expression was nearly absent in the grade I de Quervain disease (Fig. 5A) . Therefore, MAC-positive cell appeared additively increased in the grade II de Quervain disease by 14.1% ± 6.7% (P < 0.05) (Fig. 5B) . Finally, the MAC387 expression was decreased in the grade III de Quervain disease by 2.9% ± 3.1% (Fig. 5C ) compared to grade II (P < 0.01) (Fig. 5D ). The pattern of macrophage expression is compatible to the ECM structure. Grade II de Quervain disease showed compared to grade I and III de Quervain disease abundant vessel density.
DISCUSSION
The possible mechanism of development of De Quervain tenosynovitis may be related to prolonged and repeated exertions of thumb extension in combination with non-neutral wrist postures. The retinaculum reacts by repeated stimulus with functional hypertrophy or fibrocartilaginous metaplasia. 2 To facilitate the assessment and comparison of disease severity of de Quervain disease, we divided the samples into 3 degrees according to the ECM structure. Mild cases of de Quervain disease may be associated with thickening of retinaculum, microscopically characterized by thickened and vascularized loose connective tissue layer with striking mucinous or myxoid degeneration. 2, 4, 8, 9, 22 In more severe cases, the synovial layers are completely destroyed, the loose connective tissue layer is compressed and thinned out, and the extensor retinaculum is markedly thickened with fibrous tissue, fibrocartilaginous metaplasia, or hyaline and cartilaginous degeneration. 2, 4, 8, 9, 22 In severe cases, the thickness of retinaculum could be measured up 3 to 4 times than normal. 23, 24 This finding is quite identical to our results.
Recently, several inflammation-related changes have been identified in acute tendon injuries or cyclic mechanic stretching. 12, 13, [25] [26] [27] Thus, de Quervain tenosynovitis causing thickening of the extensor retinaculum of the first dorsal compartment of the wrist by cyclic mechanical activity may induce inflammatory response. Although, there is no direct evidence about inflammation regards to de Quervain disease at present. However, one of the treatments is anti-inflammatory agents, like corticosteroid injection into the first dorsal compartment. 6, 28, 29 Hence, it is crucial to determine and to investigate the possible mechanisms of the development of de Quervain disease in order to treat it. Whether exact mechanism enable inflammation is not clear yet, and further research will be required to study the role of inflammation in the de Quervain disease. Therefore, the role and influence of inflammation should be reappraised using currently available methods. 11, 14 Fu et al 17 demonstrate increased expression of the inducible COX-2 in patellar tendinosis. Other studies also confirm the theories of the influence of mechanical strain can induce expression of inflammatory mediator COX-2. 25, 27, [30] [31] [32] Cyclooxygenase is a major marker of tissue inflammation [33] [34] [35] which play an essential role in the conversion of arachidonic acid into prostaglandins, such as PGE 2 . PGE 2 is an important mediator acute inflammation in tendons and other tissues. [36] [37] [38] Yang et al 25 showed that tendon injuries are accompanied by inflammation. Upregulation of proinflammatory cytokine, such as IL-1β, COX-2 expression, and PGE 2 production, was observed. From these studies, we hypothesized that in de Quervain disease, inflammatory reaction is increased stepwise according the severity of de Quervain disease. The results of our experiments agree with previous studies, where the expression of COX-2 is correlated with the severity of de Quervain disease.
Therefore, to verify this hypothesis, we measured also the immunohistochemistry expression of neutrophil elastase. Phagocytic neutrophils are usually the first inflammatory cells to appear at the sites of infection or inflammation where they release cytokines that may attract macrophages. 39 Moreover, previous studies revealed that the degeneration of collagen was associated with neutrophil proteinases, such as neutrophil elastase. [39] [40] [41] We found that neutrophil elastase expression was increased from grade I de Quervain disease to grade II de Quervain disease, as well as grade III de Quervain disease with the strongest inflammatory reaction (73.4% ± 21.5%). On the other hand, the major finding of this study is that more than 60% increased inflammationassociated expression in neutrophil elastase, comparing grade II and III to grade I de Quervain disease.
MAC387 is an anti-calprotectin, expressed by activated myeloidhistiocytes lineage and serves as a measure of inflammatory and angiogenetic marker. Inflammatory response will be present in macrophage with upregulation of MAC387 expression. Our results are similar to those reported in previous studies To our knowledge, this is the first study to demonstrate and verify the role of inflammation in the de Quervain disease. The significant increase of inflammatory response demonstrate that inflammation plays an essential role in de Quervain disease. Finally, the molecular mechanisms that are responsible for the development of inflammatory expression in de Quervain disease should be further investigated.
